We have studied -ray line emission from fusion of accelerated -particles with ambient helium in 19 solar ares observed by the Solar Maximum Mission Gamma Ray Spectrometer from 1980 to 1989. An isotropic or fan beam distribution of accelerated particles provides good ts to the line pro les for most of the ares. In contrast, a downward beam of accelerated particles can be ruled out at high con dence, 99.99% and 99.8%, for the two most intense ares and provides signi cantly poorer ts than isotropic or fan-beam distributions in two other ares. The uences in the -lines, with a few exceptions, show a correlation with uences of the narrow nuclear de-excitation lines from elements with high rst ionization potential. If we assume that all accelerated ions have the same spectral shape, and if we adopt accelerated particle and ambient abundances derived from other -ray line studies, we nd that an accelerated /proton ratio of 0.5 is consistent with the spectra from the 19 ares, whereas a ratio of 0.1 is not. We also suggest the possibility that 7 Be produced in -4 He fusion during the intense ares occurring in late 1989 may have reached Earth in high enough concentration to account, in part, for 7 Be observed in NASA's LDEF satellite after its recovery in early 1990.
Introduction
The angular distribution of energetic particles interacting in the corona and chromosphere re ect their acceleration and transport. Kozlovsky and Ramaty (1977) have shown that the shapes of -ray lines at 0.429 and 0.478 MeV can be used to infer the angular distributions of are-accelerated -particles. These lines result from de-excitation of 7 Be and 7 Li produced in fusion of the accelerated -particles with ambient 4 He (Kozlovsky and Ramaty 1974) . Murphy, Kozlovsky, and Ramaty (1988) have calculated the expected shapes of these lines for four di erent angular distributions of particles: isotropic, fan beam, broadened fan beam, and downward beam. They presented line pro les for ares at Sun center and at the limb. Murphy, Hua, Kozlovsky, and Ramaty (1990) continued this study using a magnetic loop model for transport of the ions, including the e ects of mirroring and MHD pitch-angle scattering. They also folded their calculations through the instrument response of the Solar Maximum Mission (SMM) Gamma-Ray Spectrometer (GRS) and compared the results with spectra observed from the 1981 April 27 solar are. These comparisons provided convincing evidence for the presence of the -fusion lines in that are. They showed that the quality of data was good enough to distinguish limb ares (as this one was) from disk centered ares. Their ts also suggested that a downward beam of particles did not t the data as well as an isotropic or fan beam geometry.
In principle, the accelerated -particle/proton ratio can be obtained by comparing the uences of the -and narrow nuclear de-excitation lines. Determining the /proton ratio is dependent on knowing the relative abundances of ambient He and the elements producing the the narrow lines in the interaction region as well as the accelerated particle spectrum. Unfortunately, direct measurements of the solar He abundances are uncertain. Photospheric He cannot be measured directly but is inferred from stellar evolution models, yielding a He/H ratio of 0.095 (Grevesse, Noels, and Sauval 1996) . Laming and Feldman (1994) used a UV spectrum over a sunspot to obtain a He/H ratio in the range from 0.078 to 0.22. A more precise abundance ratio, 0.07 0.011, for the solar corona was reported by Gabriel et al. (1995) . Long-term measurements of the solar wind typically give smaller He/H ratios, 0.03 to 0.05; however, the ratio can be highly variable on short time scales, ranging from 0.001 to over 0.3 (Gloeckler and Geiss, 1989) .
The intensity of the -line feature measured by Murphy et al. (1990) suggested that the accelerated -particle uence, the ambient 4 He abundance, or both, are enhanced over accepted solar abundances. Murphy et al. (1991) evaluated accelerated-particle and ambient-gas abundances from the SMM -ray spectrum of the 1981 April 27 are. Their analysis included detailed cross sections for all the critical reactions. They found the best ts to the data for di erent assumptions concerning the composition of the ambient material and the composition and spectra of the accelerated particles. They found that the /proton ratio was higher than one would have anticipated from measurements of solar energetic particles in space. The best ts gave /proton ratios ranging from 0.5 to 1, under the assumption that their spectral shapes were the same and that the ambient He/H ratio was 0.1. Some poorer ts yielded ratios closer to 0.3, however. This compares with ratios ranging from as small as 0.005 to as high as 0.3 for 4.4{6.4 MeV/nucleon particles observed in impulsive solar energetic particle events (Reames, Meyer and von Rosenvinge 1994) ; this range in particle energies lies just below the threshold of the -fusion process. It is therefore important to determine whether the apparently high /proton ratio measured for the 1981 April 27 are is characteristic of all 19 ares observed by SMM and whether the ratios have as large a dispersion as those measured for the solar energetic particles.
In this paper we expand the study of the -fusion lines to a sample of 19 solar ares observed by the SMM/GRS with signi cant nuclear line emission (Share and Murphy 1995) . In the latter work the full 0.3 to 8.5 MeV spectra were used to obtain both the uences and ratios of the nuclear de-excitation lines in the ares. In the current analysis we t spectral data in the 0.3 to 0.75 MeV energy range with an incident photon spectrum comprised of ve individual components, including the -line feature; this contrasts with the work of Murphy et al. (1991) , where the parameters of the accelerated particles producing the -rays were varied. In the next section we discuss how the data were accumulated and the ts which were performed. In x3 we discuss the results of our ts as they relate to both the inferred directionality of the accelerated -particles and the accelerated /proton ratio. We discuss the implications of these observations in x4.
Spectroscopic Studies of the -Lines in SMM Data
Time-integrated spectra from 0.3 to 8.5 MeV have been accumulated for 19 ares with signi cant emission of narrow de-excitation lines (Share and Murphy 1995) . The accumulations were made for all times, excluding intervals when either the instrument was saturated or when there were telemetry errors. In that earlier study the full energy range was t with a photon model containing a bremsstrahlung continuum and 18 narrow and broad line features. In this study we concentrate on the energy range from 0.3 to 0.75 MeV in order to improve sensitivity to the -fusion lines.
In this limited energy range, we use an incident photon model containing a bremsstrahlung function, a narrow 511 keV annihilation line, a positronium continuum, instrumentally degraded radiation from nuclear lines above 0.75 MeV, and various line shapes for the fusion lines. We use a simple power-law in energy to represent the bremsstrahlung continuum and obtain its amplitude and exponent. For this study we have xed the annihilation line energy and set its width at a nominal 10 keV; the amplitude of the line is a free parameter. The amplitude of the positronium continuum is also a free parameter but is constrained to be positive. The amplitude of the degraded nuclear { 4 { component re ects the nuclear de-excitation and 2.223 MeV line uxes. In this study we have allowed the amplitude to be a free parameter to take into account inaccuracies in the instrument response function as well as any scattered radiation from the Sun; with the exception of two or three ares (see later discussion), the implied uxes of higher energy emission from our ts to the 0.3 to 0.75 MeV data agree well with those determined by Share and Murphy (1995) over the higher energy range. Whether this scattered nuclear component was free or xed had no signi cant impact on the -line uxes, however.
The -line pro les for three basic particle geometries: isotropic, fan beam and downward beam, have been determined for the heliocentric angle of each are. These normalized line pro les (Murphy et al. 1988; Ramaty, Kozlovsky, Lingenfelter and Murphy 1996) were multipliedby a free parameter which is determined by the t. The fan beam geometry approximates the distribution expected for particles experiencing no pitch-angle scattering while the downward beam approximates the distribution for particles experiencing strong pitch-angle scattering ). We shall later use the results of these ts to determine which accelerated particle geometry is preferred.
The composite model, with initial estimates of the free parameters, is folded through a matrix representing the instrument response function and compared with the observed count spectrum. The values of the parameters are then sequentially varied using a computer algorithm until the 2 parameter is minimized. Not all of these ts gave acceptable values of 2 ; this is re ected in the low probability that the data are statistically distributed about the model. The poor ts were in large part due to speci c time intervals in the ares where telemetry errors occurred or where the rates were high enough that the instrument model was not adequate. For purposes of studying -particle directionality we adopted a criterion that the original ts be acceptable at the 10% level. For those ares which had lower probabilities, we t individual 1 minute accumulations and removed those for which the ts were unacceptable; we then produced a corrected integrated spectrum for the are.
The results of the ts for the 19 ares are summarized in Table 1 . Listed are the time over which the spectral accumulations were made, the percentage of ts of randomly distributed data with higher values of 2 , and the uence in the -lines for the isotropic model. Where two entries are provided in the Table for a speci c are, the top one is for the corrected spectrum and the bottom one is for the original spectrum. For comparison, we also list the uence in the narrow nuclear de-excitation lines derived from ts to the full 0.3 to 8.5 MeV energy range (Share and Murphy 1995) . For some ares additional data selections were required to achieve reasonable ts. For two ares, on 1982 December 7 and 1989 March 6, we also removed 1 minute accumulations with high electron bremsstrahlung to nuclear line ratios from the corrected spectra. For the are on 1988 December 16 we deleted the lowest energy channel and for the are on 1989 March 10 we only t the spectrum up to 0.7 MeV due to systematic errors in the data. We also marginally improved the t to the 1989 November 15 spectrum by using an improved background subtraction technique developed for searching for short celestial transients (Share et al. 1993) . We have studied whether there are any statistically signi cant changes in the -/narrow nuclear line ratios in comparing the original and corrected spectra and have not found any. Overall, we improved the acceptability of the ts signi cantly; however there still are three ares for which the acceptability did not exceed the desired 10%.
Results

Directionality of Accelerated -Particles
In this section we compare the results of our ts for accelerated -particles having isotropic, fan beam, and downward beam geometries. The fan beam and isotropic distributions are not readily distinguishable from one another with an instrument, such as the GRS, with moderate spectral resolution. This is true even for ares located near the center of the solar disk, where the lines produced by a fan beam appear at their rest energies and are not broadened signi cantly (see Figure 2 of Murphy et al. 1988 ). We use these simple geometric distributions because the line pro les are easily calculable at all the heliocentric angles. Future comparisons will incorporate a physical model of particle transport similar to that used by ).
Plotted in Figure 1 are the corrected spectra for the 19 ares. The best t components for each are are plotted separately for two particle geometries: isotropic (left panels) and a downward directed beam (right panels). The -line pro les for the downward-beam geometry are dependent on heliocentric angle. For clarity we have subtracted the best t bremsstrahlung function from the spectral data before plotting; for this reason the spectra in the right and left panels di er from one another. The change in the downward-beam line pro le with heliocentric angle is most evident when comparing the right panels for the 1981 April 27 and 1986 February 6 ares. The fusion lines are at their rest energies for the April limb event but are red shifted for the disk-centered event in February. The 511 keV line and associated positronium continuum show are-to-are variability; this variation is the subject of an another paper.
The overall goodness of the t, the percentage of ts to randomly distributed data which would give higher values of the 2 statistic, is shown for both particle geometries for each are (note that we have used the corrected spectra for this analysis; see Table 1 ). Table 2 summarizes these probabilities for all three geometries: isotropic, fan beam and downward beam. There is no signi cant di erence between the ts using the isotropic and fan-beam geometries, as is expected from our earlier discussion.
There is expected to be a signi cant di erence between the -line shapes of isotropic and downward beam geometries for ares near disk center. There were nine ares which occurred at heliocentric angles of 45 or less. Four of these ares had isotropic -line uxes signi cant at > 1:5 . The two ares in this sample with the most intense -lines show signi cant di erences between ts for the two geometries. The isotropic/fan beam geometry provides signi cantly better ts than does the downward beam geometry. The 1988 December 16 are occurred at a heliocentric angle of 43 ; it is well t (15% probability) by the isotropic geometry, but the shifted pro le of the downward beam geometry provides a poor t to the data (0.2% probability). The 1989 October 19 are at a heliocentric angle of 32 shows an even greater disparity between the quality of ts for the isotropic/fan beam geometries (25% probability) and downward beam geometry (0.01% probability). For the two weaker ares on 1989 March 10 and November 15, the isotropic/fan beam geometry is also marginally preferred. All three particle distributions gave acceptable ts for the 1981 April 27 are using the reduced data set; this contrasts with the earlier result of which suggested that an isotropic particle distribution t the data better than a downward beam for this limb event.
We conclude from this analysis that a downward beam geometry for the accelerated -particles is inconsistent with our ts to the spectra with the most signi cant -lines.
Accelerated /Proton Ratio
As discussed in x1, a measure of the accelerated /proton ratio can be obtained by comparing the uences of the -and narrow nuclear de-excitation lines. As He has a high rst ionization potential (FIP = 24.6 eV), it is best to only use de-excitation lines from elements with high FIPs, such as C, O, N, and Ne, in making these comparisons. This is true because Share and Murphy (1995) showed that the (low FIP)/(high FIP) line ratio is variable from are-to-are. Table 3 lists the -line uences derived from the preferred isotropic model (see above) and uences of the high-FIP de-excitation lines at 1.63 MeV (Ne), 4.43 MeV (C, O spallation]), 6.13 MeV (O), and 6.9 MeV (O) integrated over the entire are; it also lists the sum of the four high-FIP lines. We use spectra integrated over the entire are in this section in order to be compatible with earlier studies (e.g. Share and Murphy 1995] , Ramaty, Mandzhavidze, and Kozlovsky 1996] ).
The -line uences are plotted versus the sum of the uences in these four de-excitation lines in Figure 2 . These two sets of uences show a good correlation, with the exception of a few ares, for which the observed yields of the -lines are below the average. Plotted through the data is the best t assuming a linear relationship between the uences. The overall probability that the data come from a random sample distributed about the plotted slope is only 0.4% based on the 2 statistic. The are on 1982 December 7, is the primary reason for this large dispersion. Removing this are from the sample improves the probability to 11%. The -ray spectrum from this are (see Figure 1 ) is unusual in that the 511 keV line is small relative to what appears to be the positronium continuum. Another are which has these characteristics occurred on 1989 August 17. Both ares occurred at large heliocentric angles, 80 or greater. There is some evidence that scattering at the Sun may play a role in attenuation of the 511 keV line, and therefore the -lines, in these ares. For these ares the tted nuclear component over the 0.3 { 0.75 MeV range is higher than what we would have estimated using the higher energy line uences derived in our earlier analysis over the 0.3 { 8.5 MeV range (Share and Murphy 1995) , suggestive of scattering of the photons at the Sun. We note, however, that the only other are in the sample of 19 to exhibit the same di erence in the scattered nuclear component was the one on 1989 March 17, at a heliocentric angle of 70 , but this event exhibited a relatively strong 511 keV line.
The correlation displayed in Figure 2 suggests that the -/(high FIP) line ratios may be relatively constant from are to are. The observed ratios are listed in Table 4 and plotted in Figure 3a . This correlation also suggests that the accelerated /proton ratio may also be relatively constant from are-to-are. The most accurate determination of the accelerated /proton ratio in individual ares requires ts to the entire -ray spectrum while varying the spectra and composition of accelerated particles and the ambient abundances (Murphy et al. 1991) . That analysis is beyond the scope of this paper. The approach we take here is to assume that the /proton ratio is constant from are to are and to determine whether the relative yield in the -lines is consistent with the assumed ratio.
The yield in the -lines is dependent on the accelerated particle spectrum, as well as ambient and accelerated particle composition. Ratios of -ray lines can be used to infer the spectra of accelerated particles. The ratio of the neutron capture line at 2.223 MeV to the carbon de-excitation line at 4.43 MeV has been used for several years. Because the 2.223 MeV line is delayed, it is important that the entire are be observed. Spectral indices have been obtained from this ratio for nine SMM ares far from the solar limb, where limb darkening occurs for the 2.223 MeV line, and for which we have complete data accumulations (e.g. Share and Murphy, 1995; Ramaty, Mandzhavidze, and Kozlovsky 1996) . The ratio of the prompt de-excitation lines at 6.13 MeV and 1.63 MeV also provides an estimate of the spectral index of accelerated particles and can be used for all nineteen ares { 8 { (Share and Murphy 1995) . Ramaty, Mandzhavidze, and Kozlovsky (1996) found consistency between spectral indices derived using these two sets of line ratios under certain conditions: an accelerated particle spectrum following a power-law shape, particles impacting in a thick target model with ambient elemental abundances adopted for the corona (Reames 1995) , but with an elevated Ne/O ratio of 0.25, impulsive are composition for the acclerated particles with 3 He/ 4 He = 1 and /proton ratios ranging from 0.1 to 0.5.
The dependence of the -/(high FIP) line ratio on particle spectral index for /proton ratios of 0.1 and 0.5 (Ramaty, Kozlovsky, Lingenfelter and Murphy 1996) is plotted in Figure 4 for the conditions listed above. Steeply falling particle spectra do not readily produce the -lines. As the particle spectra harden to those with indices near ?3, the production of the -lines increases due to the sharp rise in its cross section at 10 MeV; for even harder spectra spallation reactions contribute signi cantly to the production of the de-excitation lines causing the ratio to decrease.
Using Figure 4 and spectral indices derived from the graphical results provided in Figure 1 of Ramaty, Mandzhavidze, and Kozlovsky (1996) , we calculated the expected -/(high-FIP) line ratios for the 19 ares. These calculated line ratios and their 1 uncertainties are listed in Table 4 for accelerated /proton ratios of 0.1 and 0.5. We plot the di erence between the observed and calculated ratios for the 19 ares in Figure 3b ) and 3c) for /proton ratios of 0.1 and 0.5, respectively. The are-to-are spread in these di erences is signi cantly decreased over the dispersion in the observed ratios. Probabilities that the spread is statistical increases to 2% for /proton = 0.1 and to 17% for for /proton = 0.5 (this compares with 0.4% for the uncorrected ratios plotted in Figure 1a ). An /proton ratio of 0.5 not only reduces the are-to-are variation to the statistical expectation, but on average also predicts an -line yield closer to the observations. This is re ected in the weighted means of di erences between the calculated and observed -/(high FIP) ratios: for /proton of 0.5 the mean, 0.01 0.06, is consistent with zero; while for /proton of 0.1 the mean, 0.20 0.046, is inconsistent with zero (probability 5 10 ?5 ).
The relative large errors in our measured line ratios prevents us from making a strong statement about the constancy of the accelerated /proton ratio from are to are; however, we note that there is only one are for which an /proton ratio of 0.1 is a signi cant improvement over a ratio of 0.5. Our study suggests that the accelerated /proton ratio is relatively constant from are-to-are and that its value is closer to 0.5 than it is to 0.1. We discuss the implications of this in the next section. 
Discussion and Summary
Directionality of Accelerated -Particles
We have studied emission of the -fusion lines in 19 solar ares observed by the Solar Maximum Mission Gamma Ray Spectrometer from 1980 to 1989. The line pro les are dependent on both the accelerated-particle directionality and the position of the are on the Sun. Only the simple cases of isotropic, downward beam, and fan beam geometries have been studied here. Signi cant -line emission (> 2 ) was observed from eight of these ares. Four of these eight ares occurred at heliocentric angles smaller than 45 where the downward beam geometry can be distinguished from isotropic or fan beam geometries. The isotropic/fan beam geometries provide good ts to the -line pro les for the two ares emitting the highest uences in this line; in contrast, the downward beam geometry can be ruled out at high con dence, 99.99% and 99.8% for these ares. The downward beam geometry also provides poorer ts to the line pro les than do the isotropic/fan beam geometries in the other two strong ares at angles less than 45 . There is no signi cant di erence in the quality of the ts of the line pro les for the remaining 15 ares. A fan beam or isotropic distribution for accelerated particles was also found to be consistent with observations of neutrons from two solar ares (Hua & Lingenfelter 1987 ).
Physical models of particle transport in magnetic loops have been derived by Murphy et al. (1990) which take into account pitch-angle scattering. A distribution with strong pitch-angle scattering is broader than the simple downward beam function that we used here. Based on our experience with the downward beam it may be possible to exclude a transport model with strong pitch-angle scattering using SMM data for the two strong disk-center ares.
Such strong pitch-angle scattering has been inferred from Yohkoh observations of -ray emission from a disk are near its peak emission on 1991 November 15 . We have some concerns about these observations and the authors' conclusions: 1) their ts are also consistent with an isotropic distribution; 2) the are extended for at least 30 s and yet only 4 s at the peak were used when the instrument su ered dead time problems; and 3) the 4.4 MeV/ -line ratio measured during this are (Kotov et al. 1996) is more than an order magnitude smaller than the mean value derived from the 19 SMM ares. We return to these concerns below.
Accelerated /Proton Ratio
The uences in the -fusion lines in 19 ares observed by SMM are generally correlated with uences observed in the narrow nuclear de-excitation lines from proton and { 10 { -particle bombardment of high-FIP ambient elements. This suggests that the accelerated /proton ratio is relatively constant from are to are. Determination of the /proton ratio on a are-to-are basis requires ts to the entire -ray spectrum while varying the spectra and composition of accelerated particles and the ambient abundances (Murphy et al. 1991) . As that analysis is beyond the scope of this paper, we studied whether the uences in the -fusion lines are consistent with calculations for two /proton ratios, 0.1 and 0.5. Ratios in this range have been found by Ramaty, Mandzhavidze, and Kozlovsky 1996 to be consistent with other line measurements for these ares (Share and Murphy 1995) under the following conditions: 1) the accelerated particles have a composition representative of impulsive solar energetic particles, 2) the particles interact in a thick target with ambient elemental abundances adopted for the corona (Reames 1995) , except that the He/H ratio is 0.1 and the Ne/O ratio is 0.25.
We nd that the observed -line yields are consistent with calculations for an accelerated /proton ratio of 0.5 while they are inconsistent (probability < 10 ?4 ) for a ratio of 0.1. This demonstrates that the high /proton ratio found by Murphy et al. (1990) for the 1981 April 27 are is generally characteristic of all nineteen intense nuclear line ares observed by SMM. A recent observation of the 1991 June 4 are by the Oriented Scintillation Spectrometer Experiment on the Compton Gamma Ray Observatory also measured an /proton ratio consistent with a value of 0.5 and inconsistent with a value as low as 0.1 ).
Impulsive solar energetic particle data are available for only two of the nineteen strong -ray line ares observed by SMM. Reames, Cane, and von Rosenvinge (1990) report an /proton ratio of 0.016 0.003 in the 1.9-2.8 MeV amu ?1 energy interval from observations made by ISEE 3 of the 1981 April 10 are. Because the -ray yield from this are was relatively small we could not signi cantly constrain the accelerated /proton ratio from our observations (see Figure 3 ). No other impulsive particle events associated with the remaining 18 SMM ares were observed by ISEE. Solar energetic particles were well observed from the 1982 June 3 are by detectors on Helios 1 (Van Hollebeke, McDonald, and Meyer 1990) . The /proton ratio at 5 MeV/amu was 0.02 using a time of maximum analysis but appears to much higher, 0.25 when the data are integrated over the entire event. Although we found no detectable -line emission from this are, the data are still consistent with /proton ratios of up to 0.5 due to the steep accelerated particle spectrum (power law indices steeper than ?5) inferred from other line measurements (Ramaty, Mandzhavidze, and Kozlovsky 1996) . The solar energetic particle spectra measured by Helios in space are much harder, with indices ranging from ?2:3 to ?1:2. This spectral di erence may be explained by the fact that this are exhibited two distinct acceleration phases, with the second less intense and more extended phase being considerably harder { 11 { (Ramaty, Murphy and Dermer 1987) .
Our nding that the accelerated /proton ratio inferred from the -ray measurements generally appears closer to 0.5 than to 0.1 contrasts with ratios derived from interplanetary particle measurements, which typically range from 0:005 to as high as 0.3. It is not clear whether the -ray ares represent a speci c class of events with high /proton ratio or whether di erent acceleration processes produce particles impacting the Sun from those escaping the Sun. We must keep in mind though that the accelerated /proton ratio inferred from the -ray measurements is dependent on other assumed parameters used in the calculations. If, for example, the ambient He/H ratio were larger than 0.1 then the accelerated /proton ratio would drop. Alternatively, current calculations assume that all the accelerated particles have the same spectral shape, a simple power law with the same spectral index for all particle species. If the protons and -particle spectra were decoupled this could a ect the value of the accelerated /proton ratio derived from the -ray line measurements.
We do not know of any acceleration models which speci cally predict high /proton ratios in are accelerated particles interacting at the Sun. On the other hand Miller and Reames (1996) discuss a model based on stochastic acceleration by cascading Alfv en wave turbulence which preferentially accelerates heavy ions with the lowest ion cyclotron frequency. These calculations yield heavy ion ratios which are similar to those observed in solar energetic particles. Whether it can also account for accelerated /proton ratio of about 0.5 at the Sun needs to be determined.
Implications for Be Observed in Earth Orbit and Li Abundances in Stars
An extraordinarily high concentration of 7 Be at an altitude of 310 km has been inferred from measurements on samples of NASA's Long Duration Exposure Facility after its return to Earth in January 1990 (Fishman et al. 1991; Phillips et al. 1991 ). This radioactive isotope was primarily observed on the leading surfaces of LDEF, suggesting that it was swept up from the residual atmosphere. The absolute concentration of 7 Be needed to explain the observation is 10 ?7 atom cm ?3 at about 310 km. As is pointed out by the authors, this is equivalent to a relative concentration of 4 10 6 atom per gm of air, which is 4000 times higher than what is measured between 20 and 50 km where most of the 7 Be is believed to be produced by cosmic-ray spallation of nitrogen and oxygen.
Is it possible for some of this 7 Be to have its origin in the fusion of accelerated -particles with He in ares which occurred in the four months preceding the recovery of LDEF? From Table 3 we note that the integrated uence in the -lines observed at Earth is 110 cm ?2 for ares observed by SMM during this time. As 50% of this line ux comes as a result of the production of 7 Be but only 40% of the 7 Be nuclei yield a 429 keV -ray (Murphy, Kozlovsky, and Ramaty 1988) , then up to 135 7 Be atoms cm ?2 could have reached Earth from these ares; this assumes that the 7 Be was emitted isotropically similar to the -rays and absorbed in the atmosphere with an e ciency of 100% but does not take into account ares that may have been missed by SMM. Taking into account decay during the 2 radioactive half-lives between the ares and the recovery of LDEF suggests that as much as 35 7 Be nuclei cm ?2 could have been dispersed in the atmosphere. We assume that these nuclei were deposited at altitudes above 150 km and that they adopted the density pro le of the standard atmosphere at solar maximum. If all these conditions are true, then we estimate a 7 Be density of 10 ?7 atom cm ?3 at 310 km. Surprisingly, this is comparable to the density implied by the LDEF measurement. More detailed calculations are necessary to determine whether this is a realistic suggestion. We also note that some fraction of the 7 Be might also have been produced by spallation in the lower atmosphere from the intense ux of solar protons reaching Earth during this highly active period (Adams 1996) . If the high atmospheric concentration of 7 Be originated in solar ares as we suggest, then we would expect much lower concentrations to be found in recent collections made near solar minimum which are currently being analyzed (Phillips 1996; Phlips 1997) .
In a recent paper, Kotov et al. (1996) suggest \that nonthermal processes in the atmospheres of stars can play an important role in the production of the light elements, 7 Li in particular." This conclusion is based on Yohkoh observations of what they interpret to be the -fusion lines in two solar ares. As we mentioned above, the intensities in these lines were at least an order of magnitude higher than the mean observed by SMM relative to the well studied carbon de-excitation line at 4.43 MeV. A puzzling aspect of the spectra displayed by Kotov et al. (1996) is the lack of any evidence of the 0.511 keV annihilation line which is so prevalent in the SMM spectra. Our studies indicate that the annihilation line is at least an order of magnitude more intense than the 7 Li line. This suggests to us that the 0.511 keV line in Yohkoh may have been misidenti ed as the -line complex.
Our conclusions concerning the accelerated /proton ratio would not have been possible without access to a code developed jointly by Reuven Ramaty, Benzion Kozlovsky, Richard Lingenfelter and one of us (RJM). We wish to thank them for giving us permission to use their code for this purpose. We also wish to thank them and Dr. Don Reames for their suggestions concerning this work. This work was supported by NASA DPR W-18995 . 
